Introduction
The formations composed of diamictites and unsorted and chemically unweathered conglomerates underlying the early Proterozoic Jatuli formations were first referred to as Sariola by Eskola as early as 1919. In 1941 he revised his Sariola concept by including arkosites and arkosic schists in the upper part of the Sariola stratigraphy, and with his ideas concerning chemical weathering during the Sariolan. Väyrynen (1933 Väyrynen ( , 1954 assumed that the Sariola conglomerates were deposited from chemically unweathered, mechanically eroded material, in a terrain of high relief. As soon as terrain became more level, chemical weathering was prevalent so that in many places, the Sariola conglomerates are seen to be weathered in situ without redeposition. This opinion was also accepted by Eskola in 1963 . Ojakangas (1965 interpreted Sariola conglomerates to be fluvial and deposited in an environment where mechanical erosion surpassed the chemical weathering. Pekkarinen (1979) pointed out that the Prejatulian (= Sariolan) breccia-conglomerates were almost coeval with the early Karelian weathering crust and that the oldest arkosic suite was fluvial and deposited under desert-like conditions. During this decade, glaciogenic features have been found in the Sariola Formations of eastern Finland (Marmo and Ojakangas 1983,1984; Marmo 1986 ) and, in contrast to Eskola's original Sariola definition, volcanic units are also included (Laajoki 1973 (Laajoki ,1980 Meriläinen 1980; Luukkonen and Lukkarinen 1986; Strand 1988 ).
In Soviet Karelia many Sariola-type formations have been reported, and the Sariola problem has long debated by Karelian geologists. Previously, according to the prevalent Soviet interpretation the Sumi Group is the oldest part of the sequence, and composed of basaltic, andesitic-basaltic, andesitic-dacitic, and rhyolitic metavolcanics together with quartzites, conglomerates and schists. The sequence is intruded by c. 2450 Ma old layered gabbro-anorthosites, pyroxene granites and quartz-porphyry dykes. In many places the Sumi Group is overlain by conglomerates, arkosic quartzites and tuffitic sandstones of the Sariola Group , correlative with the Finnish Sariola formations (Sokolov and Stenar 1980; Kratz and Mitrofanov 1980) . In recent years on the basis of lithostratigraphic correlations the Sumi-Sariola in Soviet Karelia has been classified into several stratotypes (Kulikov and Golubev 1984) . a) Seletsky-stratotype considered to resemble the Sariola described by Eskola (1941) . b) Kumsa-stratotype typically consisting of thick basaltic and andesitic-basaltic lava flows alternating in the upper part with mixed volcanogenic sedimentary rocks. c) Paanajärvi-stratotype having much in common with the Seletsky and the Kumsa-stratotypes, but containing in addition felsic potassium-rich volcanic rocks.
This paper presents the results of recent mapping and structural, lithogeochemical and isotopic studies of the well preserved though metamorphosed Sariolan volcanic and sedimentary succession in the Saari-Kiekki greenstone belt, which was previously poorly known because of its remote location near the Soviet border in eastern Kuhmo. The area had however, been mapped earlier by Wilkman (1900 Wilkman ( -1909 , and the SaariKiekki metabasites and metaconglomerates are mentioned in the explanation to the geological map of Nurmes map sheet area (Wilkman 1921) , but not in the sense of belonging to the Sariola Group.
General geology
The stratigraphic and structural interpretation of the Saari-Kiekki greenstone belt is hindered by the virtual absence of good outcrops in the NW central part of the studied area, and the mylonitic contacts between the formations. The lithological, lithostratigraphical and structural figures (Figs 1, 6, 25) presented here should therefore be considered in this light. In the area studied the supracrustal rocks are preserved in a southeast-trending synclinorium having faulted margins (Fig. 1) . It borders against the Soviet Union, but the extent to which it continues into Soviet Karelia is unknown. In Finland the belt is c. 15 km long and some 3 km wide.
The late Archaean basement complex to the south of the greenstone belt consists of late Archaean polydeformed, migmatitic tonalitestrondhjemites ( Fig. 2) , which towards the mar- gin of the belt, grade into foliated, cataclastic leucocratic tonalite containing migmatitic tonalitetrondhjemite enclaves (Fig. 3) .
Zircon grains from the leucocratic tonalite are rather long (elongation ratios of 5:1 or more), clear and vary from anhedral to subhedral in shape. The U-Pb data for four zircon fractions (Table 2 , sample A185) from this rock type define a chord which gives an upper intercept with the concordia at 2784 ± 4 Ma, and a lower intercept at 957 ± 17 Ma (Fig. 4) . This age is interpreted as the time of the segregation of this leucocratic material from the older tonalitetrondhjemite (cf. Luukkonen 1988a). This age also indicates that the early Proterozoic overprinting and reheating in the migmatitic tonalites, even in close proximity to the greenstone belt, have not been thorough. The lower intercept age has no apparent relationship to any geological event, but is high enough to indicate a later metamorphism.
To the north of the belt occurs cataclastic porphyritic-porphyroclastic leucocratic granodiorite, the typical predominant igneous component of the late Archaean gneisses in eastern Finland (Hyppönen 1983; Luukkonen 1985 Luukkonen ,1988b . The contacts between the Saari-Kiekki greenstone belt and the late Archaean basement are not exposed, but on the basis of the ultramylonites observed along the margins, they are deduced to be tectonic in character (Fig. 5) . The total thickness of the greenstone belt is c. 2000-3000 m, and three formations have been distinguished within it. From bottom to top these are ( c) The uppermost unit, the Pötsölampi Formation, is composed of sublitharenites, arkosic sandstones-conglomerates and polymictic conglomerates. The unit varies in thickness from several to tens of metres, and frequently occurs as lenticular, sporadic, isolated formations due to tectonic overthrusting.
All the volcanic and sedimentary rocks described below, have undergone polyphase deformation and low-grade metamorphism. Nevertheless, original volcanic and sedimentary structures are commonly well preserved.
Lithology and age determinations
Although all units in the igneous and sedimentary sequence are metamorphosed, igneous and sedimentary rock names will be used in this paper without the prefix meta.
The Latvalampi Formation
The sedimentary (commonly cataclastic) rocks of the Latvalampi Formation are characterized by the predominance of heterogeneous conglomerate which, due to as angular fragments (Fig. 7) and lack of internal structures is referred as breccia-conglomerate. It is thickest in the western part of the belt, the total thickness being there c. 500 m, and it rests on the late Archaean basement leucotonalites. Near the contacts the formation is cataclastic and mylonitic.
The breccia-conglomerate contains angular, rarely rounded fragments that are representative of the nearby late Archaean basement such as leucotonalite, migmatitic tonalite-trondhjemite, porphyroblastic granodiorite and banded am- Luukkonen 1988b) . The lower intercept with the concordia is 808 ± 63 Ma (Fig. 8) , again indicating some later metamorphic event.
In the uppermost part of the Latvalampi Formation there are pinkish, arkosic layers several metres thick which lack primary sedimentary structures. Narrow arkosic »pockets» in the breccia-conglomerate are interpreted to be allochthonous as a result of overthrusting. The material for the arkosic layers is not so local as in the breccia-conglomerate, but it may be from the reworked and weathered late Archaean basement, or in part derived from a chemically altered breccia-conglomerate.
The immature character of the Latvalampi Formation, with material derived from the local basement granitoids, suggests that mechanical erosion dominated over chemical weathering during that time. The Latvalampi breccia-conglomerate probably primarily represents high relief »talus-slope» deposits, implying fault activity, 
LATVALAMPI

A911
The Kaita-Kiekki Formation
The tuffs or tuffites, and agglomeratic, amygdaloidal, variolitic, massive or brecciated lavas of the Kaita-Kiekki Formation are basic to intermediate in composition (Figs 1,6 ). In the middle part of the belt, the lowermost unit varies in thickness from a few metres to tens of metres and consists of basic tuffs or tuffites, which are typically cataclastic, dark green, medium to fine grained, and frequently banded (Fig. 9) . They contain tremolite-actinolite, chlorite, albite and biotite as the main minerals with carbonate, quartz, epidote, opaque minerals and zircon as accessories. The albite, chlorite and tremoliteactinolite form narrow bands (0.5-2.0 mm thick), while a younger generation of tremoliteactinolite forms large porphyroblasts up to 2.0 mm long parallel to the prevailing S 2 crenulation. Some elliptical albite, quartz-epidote aggregates in tuff/tuffite layers are suggestive of a primary, indistinct lapilli texture (Fig. 9) . Thicker bands and/or layering (10-20 cm thick) are due to the varying amount of biotite and tremolite in the darker bands. In more cataclastic, NW-SE-trending zones the rock is chloriteor quartz-rich and blastomylonites even occur in some places (Fig. 5) .
Layered, variolitic, brecciated and massive lavas of komatiitic-high magnesium tholeiitic composition are associated with the unit mentioned above. Major minerals are light coloured amphibole (tremolite-actinolite), chlorite and plagioclase (albite-oligoclase) with accessories including quartz, biotite, epidote, carbonate, opaque and titanite. The original texture has generally been destroyed due to the recrystallization, and plagioclase, for example, is usually recrystallized to a granoblastic mosaic. The variolitic, brecciated structures and layering are very well seen in cross-section perpendicular to the prevailing S 2 foliation (Fig. 10) . The variolitic structure is common in the upper part of each layer and a typical feature for this lava unit. The varioles are 1-9 mm in size, elongated in the direction of the main lineation (L 2 ), and they are composed mainly of granoblastic plagioclase and quartz, with varying amounts of tremolite and epidote.
The bulk of the Kaita-Kiekki Formation is composed of amygdaloidal, brecciated, almost totally recrystallized basaltic andesite flows, with a few interlayers of andesites that may in fact be tectonic slices. The major minerals are hornblende (or tremolite-actinolite), plagioclase (albite-oligoclase) and quartz. Biotite is present in minor amounts in NW-SE-trending cataclastic zones. Chlorite, opaque minerals, epidote, titanite and zircon are accessory minerals. The original volcanic texture has generally been destroyed with plagioclase and quartz recrystallized to granoblastic mosaic. The amygdules (0.5-3.0 mm in size) are filled with quartz, tremolite and albite and in some places with biotite, and surrounded by a fine grained quartz-plagioclasetremolite rim. Some of the globular, variolitic textures (1 -12 mm in size) in numerous basaltic andesite layers are interpreted to be the result of spherulitic crystallization (Fowler et al. 1987) . Varioles are composed of a granoblastic quartz -plagioclase mass, with additional variable amounts of colourless tremolite, epidote and opaque. Radiating crystals of plagioclase, or pyroxene are no longer seen and the present felsic composition of the varioles merely reflects the albitization of the former Ca-rich plagioclase. The polygonal jointed lava layer, in the inner part of the Formation, formed as a consequence of thermal contraction as the lava flow cooled (Fig.  11 ). The joints, with light coloured rims, separate angular units from a few centimetres to a few tens of centimetres. In this lava unit, indistinct brecciated, variolitic pillow lava has been found on the northern shore of Kaita-Kiekki lake reflecting a probable subaqueous volcanic origin. Close to the NW-SE-trending fault zones, the volcanic rocks have subparallel crenulation (or S 2 schistosities) and are altered into chlorite schists or chlorite-biotite schists and tectonic breccias associated with penetrative metasomatic processes, mainly albitization. Elsewhere such penetrative deformation is difficult to detect. The uppermost unit of the Kaita-Kiekki Formation contains amygdaloidal, brecciated and agglomeratic andesites. Distinctive and commonly seen features of this unit are round to ovoid, pale globules generally 4-10 cm in size ( Fig. 12 ) that can be interpreted as the ocellar structure of rapidly cooling immiscible, intermediate and felsic magma (possibly result of crustal contamination cf. p. 174-175). The top of the andesitic layers crystallized rapidly to produce chilled margins, whereas the cooling in the rest of the intermediate magma caused unmixing, producing immiscible droplets of light felsic liquid (ocelli), which rose and coalesced as light globules in more dense, intermediate andesitic lava matrix. The globules are best seen on the outcrops perpendicular to the main lineation (= L 2 ; Fig. 12 ) and are now composed of epidote, quartz, albite and colourless amphibole, merely reflecting the albitization and epidotization of the former Carich plagioclase globules. Elsewhere the rock contains varying amounts of quartz, albite, light coloured amphibole and hornblende with accessory epidote, chlorite, biotite, opaque and titanite. The andesites are totally recrystallized, but amygdules, which have also been found in the light globules and agglomeratic structures, are clearly visible. Tectonic breccias associated with the metasomatic albitization, epidotization and biotitization can be seen close to the NW-SEtrending fault zones in several places ( Fig. 13 ).
All the lava flows of the Kaita-Kiekki Formation show mainly subaereal characteristics, such as breccia, amygdaloidal, pale globules, varioles while subaqueous features are seldom visible. The Formation is interpreted to have been erupted under subaereal or even partly shallow water conditions.
The Pötsölampi Formation
Narrow, tectonically isolated »pockets» of the Pötsölampi Formation form the uppermost unit in the Saari-Kiekki greenstone belt stratigraphy (Figs 1, 6) . It occurs in the central and southeastern part of the belt, and consists of the subIitharenites, arkosic sandstone-conglomerates and polymictic conglomerates. The maximum observed thickness of the Formation is only a few tens of metres.
In a NW-SE-trending, tectonically isolated basin, near Pötsölampi in the central part of the belt, andesite is overlain by sublitharenite (terminology after Pettijohn 1975) only few metres thick, and composed of approximately 5-10 °7o subangular, elongated sericite schist fragments, possibly representing of boudinage of discontinuous interbeds of tuffaceous siltstone or claystone in an arkosic sandstone matrix (Fig. 14; the real pelite fragments are met with in nearby glacial erratic boulders). The sublitharenite is overlain by 10-20 metres of arkosic sandstone and is composed mainly of quartz, albite, potassium feldspar and sericite. The accessories are chlorite, biotite, opaque minerals, zircon and rutile. Despite the cataclastic and pseudoclastic texture, the original outlines of sand-sized grains are in places visible under the microscope, and the roundness of these grains is generally poor. The sublitharenite and the arkosic sandstone can be correlated with the sheetflood facies, the overbank facies more typically consisting of fine sands, with thinly interbedded silts and clays (cf. Hempton et al. 1983 ).
Arkosic sandstone-conglomerate occurs together with the arkosic sandstone and even where very cataclastic, its texture is very well seen in the outcrops perpendicular to the prevailing lineation (Fig. 15) . It consists of granitoid and feldspar pebbles (1-4 cm in size) eroded from late Archaean granitoids, and some chlorite schist clasts that come from the greenstone belt itself. The matrix is composed of fine grained quartz, feldspar and sericite. The arkosic sandstone-conglomerate is interpreted as sheetflood facies, consisting of horizontally laminated or massive sheets of pebbly sands (cf. Hempton et al. 1983 ).
The detrital zircon population in the sub- litharenites and arkosic sandstone-conglomerate is dominated by fine grained, yellowish and subrounded grains. Ten analyzed fractions (four of which were cleaned by abrasion) form an array (Table 2 , samble A912, 913) with an upper intercept on the concordia at 2686 ± 66 Ma and the lower intercept at 238 ± 118 Ma (Fig. 16 ). This age (within error limits) and the composition of pebbles in the arkosic conglomerate indicate that the main detrital source of the material was the late Archaean D 3 granitoids.
The uppermost suite, coeval with the sublitharenite and arkosic sandstone-conglomerate in the Pötsölampi Formation is commonly a cobble and boulder dominated, volcaniclastic, polymictic conglomerate and a matrix-supported conglomerate has also been found near the Soviet border. The granitoid clasts are more rounded than the clasts of the breccia conglomerates in the Latvalampi Formation. The absence of pyroclastic and lava interbeds indicates that the polymictic conglomerates were deposited after the cessation of volcanism. It occurs as lenticular »pocket» -like allochthonous layers in the greenstone belt, and in the brecciated late Archaean granitoids (Fig. 1) lithologies from the lower part of the greenstone belt (Figs 17, 18) , and also quartz porphyry pebbles from an unknown source have been found near the Soviet border. The matrix is rich in chlorite and amphibole, and in places granitoid and feldspar gravelly detritus is abundant. The polymictic conglomerate commonly lacks primary internal texture and is poor in matrix. Accordingly it is fluvially-reworked, with clast supported conglomerate being typical deposits in the margins of fault bounded basins (Hempton et al. 1983) .
One granitoid boulder of the polymictic conglomerate has been dated. The interpretation of an isotope system consisting of five isotope ratios for zircons from Sample A186 Saari-Kiekki (Table 2) , is somewhat unambiguous. The most probable solution is a chord through points A,B,C which has an upper intercept at 2683 ± 40 Ma (Fig. 19) , being almost coeval (within error limits) with the late Archaean D 3 granitoids. All three isotope ratios for titanites lie above the concordia showing an age approximately 1800 Ma (Fig. 19) Nesbitt & Young (1982) ranges from 66.14-68.59 and the major element composition of the sublitharenites and the sandstones, as well as the age determinations from the detrital zircons of the Pötsölampi Formation, suggest that the late Archaean D 3 leucotonalites, granodiorites and tonalites dominated in the source area.
Diabase dykes
Varially undeformed, diabase dykes several tens of metres thick, trending NW or NNW across the Saari-Kiekki greenstone belt and the surrounding late Archaean granitoids are the youngest rocks in the area. Hornblende and andesine are the predominant minerals, but clinopyroxene, orthopyroxene and andesine are the main minerals in the southeast corner of the study area. Leucoxene, magnetite, quartz, biotite, chlorite, titanite and zircon occur in minor proportions. Light coloured, albite-rich, roundish segregations 20-50 cm in size have been found in the dykes north of the Levävaara hill. Despite recrystallization, the primary ophitic texture is clearly visible as a blasto-ophitic texture in the majority of the dykes studied.
The zircon population of the albite-rich segregations in the Rasiaho diabase dyke ( Fig. 1; sample A261) contains three different type of zircons, the majority of which are obscure, redbrown and short. The 3.8-4.0 g/cm 3 fraction includes normal magmatic, euhedral, translucent zircons (found as cores within the prevailing red-brown zircon crystals) and half of the 4.3-4.6 g/cm 3 fraction contains platelike, yellowgreen grains (Table 2 , sample A261). However, the U-Pb data for two titanite fractions (Table 2 ; sample A261) are more concordant than for the zircon fractions. The proper age 2209 ± 11 Ma is based on them, being the mean value for both the titanite fractions (fractions K and J), and the limits of error ± 11 Ma is the deviation in both directions. This age is interpreted as the time of crystallization of the diabase dykes, which is coeval with the diabase dykes in nearby map sheet areas (cf. Hyppönen 1983) . U-Pb data for the translucent zircons (fractions I and L), and for two titanite fractions defines a chord which gives an upper intercept with the concordia at 2224 + 30 Ma, and a lower intercept at 568 ± 298 Ma. This regression is indicated by the dotted line in the concordia diagram of Fig. 20 .
Geochemistry and petrogenesis of the volcanites
The Saari-Kiekki greenstone belt has a low metamorphic grade and the initial designation of different rock types was aided by geochemistry. However, it has been shown that in the NW-SE-trending early Proterozoic structural zones, alteration processes such as hydration, carbonatization, albitization, and epidotization, if extensive, will, drastically alter the primary chemical composition of the rock. The best analyses were used in the definiting of three classes; basalts, basaltic andesites and andesites. Classification into the other units of the Formation was based largely on overall field appearance, texture and petrology together with the geochemical characteristics. All the analyses of major and minor elements in this study, given in Table 1 , were carried out at the Research Laboratories of Rautaruukki Co. using XRF techniques. 
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According to the classification of Irvine & Baragar (1971) the volcanites of the Kaita-Kiekki Formation would be located in the tholeiitic and calc-alkalic fields in the AFM diagram. The great majority of the analyses fall in the calcalkalic field being basaltic andesites and andesites. Only basic tuffs and some of the lowermost basalts in the Kaita-Kiekki Formation are tholeiitic (Fig. 21) . All the early Proterozoic diabase analyses form a distinct group in the ironrich tholeiitic field, as do most of the early Proterozoic diabases in nearby map sheet areas (Kilpelä 1990) .
The Mg0-Ca0-Al 2 0 3 diagram shows that the basic volcanites cluster into two groups, the komatiitic-Mg-rich tholeiitic basalts and the normal tholeiitic basalts (Fig. 22) . For the komatiitic-high magnesium basalts MgO contents are 7.55-11.0 and A1 2 0 3 contents 10.30 -13.40, being thus more aluminium-rich than typical Archaean Barberton-type komatiitic basalts (Viljoen et al. 1982) . A very clear compositional break emerges between the two main basaltic groups. MgO content for the latter, the normal tholeiites, is between 3.76-8.67
The analyses
showing the existence of an aluminium-rich trend, are interpreted to be derived from altered rocks, epidotized and albitized basalts, basaltic andesites and andesites. The compositional break between the two basic volcanite types is also seen on the Jensen (1976) diagram (Fig. 23) . On the original Jensen diagram the line separating the tholeiite from the komatiite field transects the other group of basic volcanites. Only the six most basic analyses (from basic tuffs/tuffites and lower basic lava) are real komatiitic basalts, and the remainder being magnesium-rich tholeiitic basalts, or calcalkalic basalts-basaltic andesites. The anomalous high A1 2 0 3 contents in five basaltic andesites are obtained from the altered, albitized and epidotized rocks, in NW-SE-trending faults. Two analyses of the younger diabases plot in the tholeiite field as in AFM diagram.
In terms of the criteria applied to classify modern orogenic andesites published by Gill (1981) , the basaltic andesites and the andesites in the Saari-Kiekki greenstone belt resemble a typical mantle derived, low-potassium, calc-alkalic fractionation trend (Fig. 24) . Since the calc-alkalic andesites typically predominate near convergent plate margins, the explanation for the origin of Saari-Kiekki andesites must be exceptional as they are associated with strike-slip faulting in the late Archaean craton. The major-element compositions of continental flood basalts ( = CFB) and mafic dykes world wide indicate that very few mantle-derived CFB magmas have reached the surface without pausing and re-equilibrating during their ascent through the crust, particularly in the case of post-Archaean basalts (Thompson et al. 1983; Condie 1985) . In the area studied the brecciated late Archaean migmatites and granitoids in the crust could easily have been partially fused during the ascent of hot komatiitichigh magnesian basaltic magma, and crustal contamination is quite plausible. When the komatiitic -high magnesian magmatism was initiated, the crust was cold enough to allow some basalts to penetrate to the surface (= lower basic tuffs/ tuffites and basic lava in the Kaita-Kiekki Formation). Simultaneously basaltic extrusions added heat to the tonalitic (-granodioritic) crust, and partial melting as well as stronger crustal contamination was possible. However, the crust in Saari-Kiekki area evidently did not become sufficiently hot and ductile as to result in the generation of felsic magma. Thus instead of rhyolites and granites, the Saari-Kiekki sequence contains basaltic differentiates and/or hybrid basaltic andesites-andesites (basalt + crust) (cf. Huppert et al. 1984; Huppert and Sparks 1985, 1988) . For example if the basalt contained 48% The early Proterozoic Saari-Kiekki greenstone belt: A representative of the Sariola Group at Kuhmo. . . 49
Si0 2 before contamination it would be basaltic andesite or andesite after contamination by the tonalitic crustal material in the Saari-Kiekki area (cf. Pearce 1983). The crustal contamination of basaltic material at depth during the uprise of magma could explain the high proportion of basaltic andesites and andesites in the KaitaKiekki Formation. According to Huppert and Sparks (1985) thermal erosion during the ascent takes place on both sides of the feeder dyke, and under some circumstances, the amount of crustal contamination may reach 30-40 %. The evidence for this kind of phenomenon can be demonstrated by Zr/Mg # (Mg # = Mg/(Fe tot + Mg)) ratios being above the fractionation trend, and correspondingly V/Mg # ratios being below the fractionation trend (Fig. 25) , since Zr tends to be enriched in continental crust whereas V is relatively depleted. In the case of volcanites in the Kaita-Kiekki Formation, the parental magma (= lowermost komatiitic basalt) is close to average komatiite in composition. Therefore the data in the Figure 25 possibly indicate the effects of significant custal contamination. However, the absence of REE and isotopic data limit the confidence of this assertion.
Structural history
In the late Archaean basement away from the Saari-Kiekki greenstone belt, early Proterozoic reactivation has been resolved mainly as a brittle shearing along the E-W, NW-SE and NE-SW-trending late Archaean zones of weakness (cf. Luukkonen 1985 Luukkonen , 1988a . Elsewhere all the late Archaean structural patterns are very well preserved, even in the vicinity of the marginal zones of the Saari-Kiekki greenstone belt. The marginal faults of the belt are part of a pattern of late Archaean dextral faults (D 4 and D 5 ), which were again active during the early Proterozoic Sariolan and Jatulian time. and andesites (open symbols) of the Kaita-Kiekki Formation using major-element criteria developed for modern orogenic andesites (Gill 1981) . Within the belt, the cataclastic zones, the narrow volcano-sedimentary layers beneath the lava flows of the Kaita-Kiekki Formation, and the sedimentary rocks of the Latvalampi and Pöt-sölampi Formations tend to be areas of major movement and thus represent zones of intense and heterogenous strain, resulting from localized discrete structural events during early Proterozoic time.
First deformational phase (DJ
Only in a few outcrops it is possible demonstrate that S! is subparallel to S 0 (Figs. 5, 9) . S, varies in intensity from a relatively weak mineral growth in interiors of the Kaita-Kiekki lava layers to a transposing mylonitic foliation in sedimentary rocks. Folds of the first deformational phase, which are tight to isoclinal with gently to moderately plunging E-or W-trending fold axes and a moderately dipping axial plane, are well preserved in basic tuffs/tuffites and sublitharenites. Peculiar to and typical of the early stage of intensive F, deformation are »blind» quartz injections a few millimetres thick in the mafic tuffs/tuffites (Fig. 5) . The mylonitic features of S, are interpreted as evidence for early gliding in these rock horizons. F 2 folding comprises open to tight, dextral, overturned folds that deform S 0 and S,. F 2 fold axes vary from horizontal to steeply inclined and plunge either W-NW or E-SE. Unlike structures of the earlier deformational phase, the products of the second deformational phase are prominent almost every outcrop; reorientation of earlier structures is frequently seen. Faults with dextral displacement are also common, generally parallel to F 2 axial planes, and containing cataclasite and blastomylonite.
Second deformational phase (DJ
Basin-fill thickness is asymmetric with respect to D 2 overthrusting, with maximum thickness developed adjacent to the southeastern margins of the major NW-SE faults, and decreasing towards the northwest (cf. Fig. 1, 26 ). This accounts for the volcanic and sedimentary rocks comprising stacked sequences, lying at a low angle with intraformational unconformities ( = »pocket»-like). Similar structural features are found in the Sumi-Sariola Formations of the Mg # Shombozero area in Soviet Karelia (cf. Zhuravlev et al. 1979) .
A strong axial planar S 2 foliation cuts across S 0 and S,. It is developed particularly well in the sedimentary rocks of the Kaita-Kiekki and the Pötsölampi Formations. In many places it is shown by the strong preferred orientation of chlorite, tremolite-actinolite, albite and quartz, which post-dates the D[ amphibole, tremolite and oligoclase. In the other rock units S 2 is more widely spaced. A strong mineral lineation (L 2 ) is expressed by elongate chlorite, younger tremolite and biotite crystal aggregates. The presence of the biotite means that the metamorphism reached the epidote-amphibolite facies PT -conditions during early-D 2 , and was accompanied by hydration, carbonization, epidotization, albitization and potassium metasomatism in the vicinity of NW-SE-trending fault zones. Increased carbonate and potassium metasomatism resulted in breakdown of Ca-plagioclase and amphibole, and an increasing proportion of chlorite, quartz, albite, calcite and biotite, hence causing incoherent trends in variation diagrams (Figs 21, 22, 23) and high A1 2 0 3 , CaO and Si0 2 . Metamorphism declined to greenschist facies towards the end of the structural evolution and homogeneous ductile strain was replaced by the late inhomogeneous brittle strain. The L 2 lineation is defined by the elongation of amygdules and varioles in lava flows of the Kaita-Kiekki Formation and the elongation of pebbles in the polymictic conglomerates of the Pötsölampi Formation. Other features commonly associated with D 2 are blastomylonites, cataclasites and tectonic breccias developed along the D 2 dextral fault zones (Fig. 26) . These zones may extend from a few centimetres to tens of metres. The most important fault can be traced to the northwest of the studied area as fault zones, zones of weakness or as a lineament for 120 km or more, and commonly shows late Archaean + early Proterozoic lateral displacement of more than 500 metres in places. The NW-SE-trending diabase dykes show little marginal modification or displacement across the Saari-Kiekki greenstone belt and are interpreted to have been intruded during the later stages of this D 2 early Proterozoic deformation.
Third deformational phase (D } )
Open, commonly symmetrical gently plunging F 3 folds have almost vertical E-W-trending axial planes and are only seen to deform earlier structures in outcrops of the mafic tuffs/tuffites. Axial planar fabric is weakly expressed, seen only under the microscope as a parallel orientation of youngest chlorite and sericite.
All three deformational phases noticed in the rocks of the Saari-Kiekki greenstone belt could represent the main stages of dextral, early Proterozoic, NW-SE-trending, parallel strike-slip faults and simple shear along reactivated late Archaean zones of weakness.
Conclusion
In the Saari-Kiekki area the structures observed in the greenstone belt deform the late Archaean structures, but the greenstone belt itself is cut by the early Proterozoic (c. 2209 ± 11 Ma) Jatulian diabase dykes (Fig.l) . Furthermore the lithological similarity to the other Sumi-Sariola Formations in Soviet Karelia, and the Sariola in Central Finland invites correlation with the SaariKiekki greenstone belt (cf. Pekkarinen 1979; Marmo 1986; Strand 1988) . However, the absence of radiometric age determinations from the volcanic rocks in the area studied makes it difficult to estimate precisely the age of the SaariKiekki greenstone belt. The 2455 ± 5 Ma zircon ages for the quartz porphyry dykes of the SumiSariola Formations in Soviet Karelia (Kratz et al. 1976 ), 2436 ± 5 Ma zircon age for the large basic-ultrabasic layered intrusions in Koillismaa (Alapieti 1982) and 2435 ± 12 Ma zircon age for the granite porphyry dykes in Moisiovaara area (Luukkonen 1988b) , are perhaps correlative with the age of the Saari-Kiekki greenstone belt. Its emplacement is an indication of the same phase of continental rifting and coeval strike-slip faulting associated with the break-up of the late Archaean craton (cf. Park et al. 1984) .
The immature character of the sediments in the Latvalampi Formation and restricted deposition of breccias and conglomerates, in an elongate, fault-bounded basin indicates increased uplift and rapidly subsiding fault zones, as well as the composition of clasts derived locally from the late Archaean basement rocks, suggests that rapid mechanical erosion surpassed chemical weathering during that time.The presence of arkose layers in the upper part of the Formation gives evidence of a fluvial origin for this unit. The absence of internal sedimentary features in the proximal part of the Formation, probably reflect high topographic relief and fault activity prior to and subsequent to their deposition.
The primary volcanic structures and the composition of the Kaita-Kiekki Formation indicates that they were mainly deposited under subaereal conditions. The composition of the volcanites indicate that they were mantle derived and probably contaminated by crustal material during the underplating before magma ascent if not during their ascent through late Archaean crust. Subsequent autometasomatism during volcanic eruption, and metasomatic processes during D 2 early Proterozoic deformational phase have in places extensively altered their composition.
The composition of the Pötsölampi Formation indicates provenance from the late Archaean basement, from the recycled Latvalampi Formation and from the volcanites of the Kaita-Kiekki Formation. Tectonic reactivation resulted in vertical movements during which older and already chemically weathered crust was eroded and redeposited. In places the debris was sorted into mature sands and gravels, perhaps by braided rivers as now recorded by the sublitharenites, arkosic sands-sandstones and polymictic conglomerates. Clast composition and age determinations from the arenites and polymictic conglomerates of the Pötsölampi Formation indicate that late Archaean leucotonalites, granodiorites and tonalites were dominant at the erosion level of the study area during deposition.
Prior to the first deformation in the SaariKiekki area there was a combination of early Proterozoic E-W-trending transcurrence and extension (= transtension) in the dextral strike-slip fault zone. When the dextral, E-W-trending strike-slip movement contains the same sense of shear as that of the main fault, it leads to extension of the sector, stratal thinning and the development of normal fault systems obliquely inclined (= NW-SE trend) to the strike of the main fault. This reactivated both the E-W and NW-SE-trending late Archaean (D 5 and D 4 ) zone of weakness (Fig. 27a) , which together give alternate zones of divergence and convergence and are formed within continental crust. At first the extension was limited, causing »small sag ponds» along the strike-slip fault. The deposition of breccias and conglomerates of the Latvalampi Formation at the basin margins represents talus detritus or alluvial fans (Fig. 27b) . As extension proceeded, crustal thinning allowed magma to rise and basalts, basaltic andesites and andesites of the Kaita-Kiekki Formation extruded. The latter part of the evolution of the SaariKiekki greenstone belt is typified by various mass gravity transport processes. Redeposition of the earlier material commenced, with the stratified sediments and the conglomerates of the Pöt-sölampi Formation and breccias continued to form at the faulted margins (Fig. 27c) . The first and second deformational phases in the structural history are marked by transpressive regimes: strike-slip faulting of E-W and NW-SE trend, overthrusting, folding and uplift. In the NW-SE-trending strike-slip fault ( = in the reactivated late Archaean D 4 zone of weakness), the strong transpression lead to the tectonic extrusion of the Saari-Kiekki greenstone belt, resulting in a series of convex upward reversed, or thrust faults, forming a structure better known as a flower -or palm tree-structure (Fig. 27d; cf. Harding 1985 , Ramsay and Huber 1987 , Sylvester 1988 ). The present Saari-Kiekki greenstone belt is interpreted as an eroded, early Proterozoic positive flower structure. The later stage of D 2 leads in places to the intrusion of NW-SE-trending Jatulian (2209 ± 11 Ma) diabase dykes and the D 3 in the structural history possibly represents the latest stage of this transpression.
The late Archaean reactivated zones of weakness in the Saari-Kiekki area have changed from a transtensile regime in the Sariolan time to a transpressive one in the Jatulian time and caused »stratal shingling» which is younging towards the depocenter. This type of the change from one regime to another is also typical for younger strikeslip fault systems (Nardin & Henyey 1978; Carter & Norris 1976; Norris et al.,1978; Reading 1980; Hempton et al. 1983) , and seen as well in the much more extensive Sumi-Sariola Formations of Soviet Karelia (cf. Zhuralev et al. 1979) .
As a whole the reactivated late Archaean zone of weakness has been both the depocenter for Sariolan sediments and volcanites, and later on, where the volcano-sedimentary succession was preserved from subsequent erosion (= »pocket»-like formations in the reactivated late Archaean fault zone).
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